The low expression activity and specificity of natural promoters limit the 22 applications of genetic engineering. To construct a highly efficient synthetic inducible 23 promoter in the Bombyx mori (Lepidoptera), we analyzed the regulatory elements and 24 functional regions of the B. mori nucleopolyhedrovirus (BmNPV) 39K promoter. The 25 results of truncated mutation analysis of the 39K promoter showed that the 26 transcriptional regulatory region spanning positions -573 to -274 and +1 to +62 is 27 essential for virus-inducible promoter activity. Further investigation using 28 electrophoretic mobility shift assay (EMSA) revealed that the baculovirus IE-1 29 protein binds to the 39K promoter at the -310 to -355 region, and transcription 30 activates the expression of 39K promoter assay. Finally, we successfully constructed a 31 synthetic inducible promoter that increase the virus-inducing activity of other 32 promoters using the baculovirus-inducible transcriptional activation region that binds 33 to specific core elements of 39K (i.e., spanning the region -310 to -355) . In summary, 34 we describes a novel, synthetic, and highly efficient biological tool, namely, a 35 virus-inducible 39K promoter, which provides endless possibilities for future gene 36 function research, gene therapy, and pest control in genetic engineering.
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Introduction
Page 8 of 25 promoter and the Renilla luciferase (RLUC) reporter gene were linked to the pGL3 147 vector, named as pGL3-IE1-Rluc and used as internal reference plasmid. 148 The baculovirus immediate early genes ie-0, ie-1, ie2, pe38 and me53 from the 149 BmNPV genome were cloned into a pIZ/V5-His (Invitrogen, USA) vector to generate 150 pIZ-IE0, pIZ-IE1, pIZ-IE2, pIZ-PE38 and pIZ-ME53. Baculovirus-inducible 151 promoter 39K was cloned into pIZ-DsRed to replace the OpIE2 promoter. The 152 resulting p39K-DsRed plasmid was used as vector backbone for 153 baculovirus-inducible expression of DsRed. All clones were verified by sequencing. 154 All primers used in this study are presented in Table S1 . 155 Dual Luciferase Reporter Assays 156 The dual luciferase expression plasmids pGL3-39K-Fluc (450 ng) and
Page 9 of 25 into the cells, total RNA was isolated using the TRIzol RNA extraction kit (ThermoFisher Scientific, USA), following the manufacturer's instructions. RT-PCR DsRed ( Table S1 ). The Bombyx mori sw22934 gene was used as the reference. The 180 reaction conditions of RT-PCR were as follows: 95 °C for 30 s; followed by 40 cycles 181 at 95 °C for 5 s and 60 °C for 20 s with 1 M of each primer. All experiments were 182 repeated three times.
183
Recombinant Expression and Protein Purification
184
The coding region of IE-1 was amplified with specific primers IE1-F/IE1-R and factor binding sites were identified, which were located at positions -486 to -532， -386 196 to -431，-310 to -355 and +2 to +47 of the 39K promoter. For EMSA, the probes were 197 5´-labeled with biotin (Thermo Fisher Scientific, USA), and then the labeled 198 oligonucleotides were annealed to produce a double-stranded probe. All probe used in 199 this study are presented in Table S2 .
200
To evaluate the interactions between IE-1 proteins and 39K regulatory elements, All data were expressed as the mean ± SD of three independent biological 221 experiments. Statistical analyses were performed with student's t tests using 222 GraphPad Prism6. Differences with P < 0.01 were considered statistically significant.
Structural and Functional Analysis of the 39K Promoter 225
To generate optimized virus-inducible specific promoters, a truncation and 226 mutation strategy was employed to gradually remove the 39K promoter core region, 227 followed by analysis for change in 39K promoter activity. After the 39K
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we constructed nine artificial inducible promoters with -326 loci, -399 loci, and two 283 simultaneous mutations in the P39K-1, P39K-5, and P39K-9 promoters, respectively.
284
Dual luciferase reporter assays showed that the promoters of these nine point 285 mutations did not significantly increase promoter activity relative to the P39K-1, (Figure 2A) . These results indicate 291 that P39K-1 still possesses the original promoter regulatory mechanism and thus an 292 optimized artificial inducible promoter.
293
Identification of Inducible Promoter 39K-regulated Genes
294
The expression of the baculovirus gene is regulated by the cascade, and 295 subsequent phase gene expression is dependent on the previous phase (26). The 296 baculovirus 39K gene is a delayed early expression gene (27). To identify the 39K 297 promoter transcriptional control gene, we first screened the transcriptional regulation 298 of the 39K promoter by analyzing five immediate-early genes (i.e., ie-0, ie-1, ie-2, 299 pe38 and me53). We co-transfected pIZ-IE0, pIZ-IE1, pIZ-IE2, pIZ-PE38 and 300 pIZ-ME53 with p39K-DsRed and then detected DsRed at the transcriptional levels.
301
The results indicated the expression of the DsRed protein only in the viral-infected 302 and pIZ-IE1 transfected BmN-SWU1 cells, but not in the pIZ-IE1, pIZ-IE2, pIZ-PE38, 303 pIZ-ME53, and non-infected cells ( Figure 3A) . These results indicate that the DsRed 304 protein is rapidly activated by viral infection and IE-1 protein expression. Moreover, 305 to detect the sensitivity of the inducible promoter, we investigated the transcription of and non-infected cells were observed. The luciferase assay also showed that only the 310 IE-1 protein could effectively induce 39K promoter activity. In addition, the other 311 early genes were not transcriptionally regulated by the 39K promoter.
Page 14 of 25
EMSA Analysis of IE-1 Binding to the 39K Promoter Region
313
To further strengthen the argument that IE-1 is a direct transcriptional target of 314 the 39K promoter, we performed a gel-shift competition assay using a biotin-labeled 315 oligonucleotide spanning the potential IE1-binding sequence as probe. Through online 316 program prediction, we designed a total of four probes containing multiple potential 317 binding sites. These probes were named probe 1 (-486~-532), probe 2 (-386~-431), Figure 4A ). In contrast, no significant band shift 323 was detected in the EMSA after incubation with probe 1 (-486~-532), probe 2 324 (-386~-431) and probe 4 (+2~+47) ( Figure 4A ).
325
To further examine the binding activity of probe 3 with the IE-1 proteins, we 326 analyzed the effect of the biotin labelled probe and unlabeled DNA on band shifting.
327
The results showed that the incubation of probe 3 with the IE-1 protein resulted in a 328 band shift, which increased with greater biotin labelled probe 3 concentrations and 
